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Abstract 

This note is a description of the subprograms DOP, 

which calculates the Doppler velocity of an earth-bound 

observer, JULDA which calculates the Julian day-number, 

MOVE which calculates precession, COORD which performs 

coordinate transformations, and the GRM series of sub- 

programs which deal with Doppler velocities in terms of 

a standard galactic rotation model.  These subprograms 

are written in basic FORTRAN and should be useable on a 

wide variety of computers. 

Accepted for the Air Force 
Franklin C. Hudson 
Chief, Lincoln Laboratory Office 
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SUBROUTINE DOP ( RAHRs .RAMIN.RA=,EC . DUEC . DMIN. DSF^ »NYH , fir a Y , 
I   NHUT»NMUT.NSUT»ALAT»OLONG»ELEV»  XLST . VSUN. VMOlJ. VOBS. VI ) 

C 
C OOP CALCULATES THE VELOCITY COMPONENT OF THE OBSERVER WITH ''FSPECT 
C TO THE LOCAL STANDARD OF REST AS PROJECTFD ONTO A LIMF SPECIFIED BY THF wlfaHT 
C ASCENSION ANO DECLINATION (RAHKS. RAMIN. RASECr JD^G. DMlN. LSEC) EPOCh OF 
C OATE» FOR A TIME SPECIFIED AS FOLLOWS*  fJYR = LAST TWO DIGITS OF THE YEAR 
C (FOR 19AX A.O.). NDAY = DAY NUMBER <G4T)» NHUT. NMUT. NSUT = MRS. MIN. SEC 
C (GMT).  THE LOCATION OF THE OBSERVER IS SPECIFIED BY THE LATITUDE <ALAT>» 
C L0N3ITUJE (OLONG) (GEODETIC) (IN DEGREES) AND ELEVATION (ELEV) <T" METERS) 
C ABOVE M£AN SEA LEVEL.  THE SUBROUTINE OUTPUTS THE LOCAL MEAN SIDEREAL TIMF 
C (XLST I,M JAYS). THE COMPONENT oF THE SUN'S KOTIO I V.ITH RESPECT TO THE LOCAL 
C STANuARu OF REST AS PROuECTED ONTO THE LINE OF SIGHT TO THE SOURCE (VSUN IN 
C KM/SEC) AS WELL AS THE TOTAL VELOCITY COMPONENT VI (KM/SEC).  POSITIVF 
C VELOCITY CORRESPONDS TO INCREASING DISTANCE BETWEEN SOURCE UO ORSERVFH. 
C 
C THIS VErtSION OF COP TAKES INTO ACCOUNT COMPONENTS OF THF 0 SERVER'S 
C MOTION JUE TO THE ROTATION OF THE EARTH. THE REVOLUTION OF THF EARTH-McO"' 
C 6ARYCEMTER A30UT THE SUN. AND THE MOTION OF THE EARTH'S CENTER AROUT THE 
C EARTH-MOON BARYCENTER.  THE PERTURBATIONS OF THE FARTH'S OPMT DUF TO THE 
C PLANETS ARE NEGLECTED.  THE ABSOLUTE PRECISION OF THIS VERSION OF UOP IS 
C ABOUT 0.004 KM/SEC bUT SINCE THE DOMINANT ERROR T£RM IS SLOWLY VARYING. THF 
C RELATIVE ERROR WILL BE CONSIDERABLY LESS FOR TIMES UP TO A -'FEK OP SO. 
C 
C KEFERENCES+  MCRAE. D. A.. WESTERHOUT. G.» TABLE FOR THE REDUCTIO"! OF 
C VELOCITIES TO THE LOCAL STANDARD OF REST. THF OBSERVATORY. 
C LUND. SWEDEN. 19b6. 
C SMART. W. M.i TEXT-BOOK ON SPHERICAL ASTRONOMY. CAMRRICGE 
C UNIV. PRESS. 1962. 
C THE AMERICAN EPHEMERIS AND NAUTICAL ALMANAC 
C THE SUPPLEMENT TO THE ABOVE 
C 
C     VERSION OF JUNE 1969 
C 
C 
c 



c 
C  THE FOLLOWING CALCULATIONS DEAL .HTH THr SUN'S " -TION A/ITM ASPECT TO THF. 
C  LOCAL STAIMCART OF REST. 
C  THE VELuCITY OF Tut SUN WITH REiPrCT TO THE LOCAL STANDARD OF REST IS THE 
C  CONVENTIONAL VALUE OF 20.0 KN./SEC TOtfAR;, RA = 18 HRSr DEC = ?0 OEG (1900). 

AAA = i8. 0*3.1*415926535/12.0 
JD=3J. 0*3. I'll 5926535/lg 0.0 

C  «10VE PROCESSES THIS DIRECTION TO OATE 
CALL MOVE (19UU»1900+NYR»1»NJAY»AAA»DD»  DELA»OtLDO.DC) MOVF 
AAA=AAA+OELA 
OD=UJ+DELDO 

L  THIS VtLUCITY IS CONVERTED TO CARTESIAN COMPONENTS 
XO=2J.0*COSF(AAA)*COSF(DD> 
YO=20.0*SINF(AAA)*CGSF(DD> 
lO-'f. J.0*SINF (D'J) 

C  RA1 IS THE RIGHT ASCENSION (REVS=MAYS) 
RA1=(RAHRS+RAM IN/60. O+RASEC/3600 . 0 )/2<*. 0' 

C  RA IS T,iE RIGHT ASCENSION (RADIANS) 
,<A=2.0*3.1<+15926535*RA1 

C  DEC IS THE DECLINATION (RADIANS) 
j£C=3.mi5926535*(DUtG+SIGNF(U^IN/60.0+DSEC/3600.0»ODrcO )/180.0 

C  CCt CS» AMD S ARE THE DIRECTION COSINES CORRESPONDING TO RA A»;j 0*X 
CC=CuSF(UEC)*COSF(RA) 
CS=CJSF(DEC)*SINF(RA) 
S=SI.MF(UEC) 

C      VSU 4   lb   TML   PROJECTION   0 ITO   THE   LINE   OF   SIGHT   To   THE   STAR   ^F   THE   SUr.'S 
C     ,'iOTIOM   .UTri   RESPECT   TO   THE  LOCAL   STANDARD   OF   REST   (KV/SEC) 

VSUN=-XO*CC-YO*CS-ZO*S 
C 
C     COORDINATES   OF   THE   ObSERVERr   LATITUDE   (RADIANS) r    AND  LO'jGITJnE   (RE VS=D/.YS) 

CAT = ALAT*3.1<+l392b535/180.0 
WL0No=0L0NG/360.0 



c 
C  THf FuLLOvvING CALCULATIONS DEAL  ITH THE TI'E 
C  THE EPOCH IS 1900 JAiJUARY U.b UT = JULIAN DAY 2«U5'l20.0 
C  JU lb TME TlMfc FROM THE tPOCH TJ JAN 0.0 OF THE CURRFMT YEAR (JAYS) 

UU=(JULOA(19uO<-NYK)-<i'+lb020)-n.S J'lLHA 
C  TU IS Uu CONVERTED TO JULIAN CENTURIES 

TU=DJ/.5bb2i>.0 
C  UTjA IS THE GMT FKOM JAN 0.0 TO THE PRESENT (DAYS) 

UTDA=NDAY+HHUT/2<+.0 + N*IUT/l<*'*G.0 + NSUT/86<+0 0.0 
C  SMD (SMALL U) IS THL TIME FROM THE EPOCH TO THE P9-"SF.NT (NAYS) 

SMO=JU*UTOA 
C  T IS SML) CONVERTED To JULIAN CENTURIES 

T=S^j/3b525.0 
C  START Io THE GREENWICH MEAN SIDEREAL TIME ON JAN 0.0 ( )AYS> 
C  (THE LXTRA 124.1794 SECS CORRESPONDS TO THE 0.7 CENTURY SNBTRACTFO FROf/ TIN 
C  THE PktCISION IS THEREBY IMPROVED.) 

STAKr=(b.0 + .iO.0/60.0+US.83t>+129.179<4 + fl640l8t*.54 2*(T'J-0.7)+0.0r>29 
^   *TU*»2)/.Jf>0U.0)/24.0 

C  Cl IS THE CONVERSION FACTOR FROM SOLAR TIME TO SULRFAL TIVF. 
Cl = (2i.0 + bb.O/6O.U+4.09O5U/3b0O.O)/2i*.O 

C  GST lb THE GREENWICH MEAN SIDEREAL TIME (DAYS) 
oST=3TAKT*UTDA/Cl 

C  XLST IS THt. LOCAL MEMN SIDEREAL TIME (FROM JAN 0) (DAYS) 
XLST=GST-WLONG 
XLST=XLST-IFIX(XLST) 



c 
C  FHL i-OLi_UjVlNG CALCULATIONS DEAL /ITH THE OBSERVER'S 'OTIOI, KITH 
C  RESPECT TO THE EARTH'S CENTER. 
C  REDUCTION OK GEODETIC LATITUDE TO GEOCENTRIC LATITUDE (ARC'.FrONDS) 

JL AT =-<l 1.0*60. 0 + 32. 7430 >*S1.\.F( 2. 0*CAT) + 1.1633*-, I^'F(U.il*C'T> 
2 -O.G02o*SluM6.ll*CAT> 

C  CONVERT CAT TO GEOCENTRIC LATITUDE (RADIANS) 
CAT=CAT+ULAT*3.l4lb92o535/3b00.0/180.0 

C  KHC IS THE KAOlUS VECTOR FROV THE EARTH'S CENTER TO THE CbSFRVEP ("ETE. S) 
K  -o37fc)160.0*(0.998027073+0.001676t38*CCSF(2.0*CAT)-n.()P0OU3S10 

2 *CO_>FC+.0*CAT)+0.0000000US*COSF(6.0*CAT) )*ELIV 
C  AND VRMO IS THE CORRESPONDING CIRCULAR VELOCITY (Mt.TFRS/Sinr,, EAL HAY) 

VRnO=2.0*3.1flS92bb3S*f-!'iO 
C  CONVERTED TO KILOMETLRS/SEC 

VRHO=VKHG/2<+.0E3/3bQu.0*Cl 
C  VOLS IS THE PROJECTION ONTO THc LINE OF SIGHT TO THE STAP CF THE VELOCITY 
C  OF THE OliSEKVER MTH RESPECT TO THE EARTH'S CENTER (KM/SEC) 

VObS=VRHO*COSF (CAT > *COSF (DEC ) *SINF <2 . 0*3. l<U592t>S35* ( XLST-RA1) ) 



c 
C  THE FOLLOWING CALCULATIONS 1EAL «ITH THL EARTH'S OHBTT A«MJT THE SUN 
C  AM lb THL MEAN ANOMALY loF THE EARTH'S ORBIT) (RADIANS) 

AM=(35ri.'*75tt3*U.9Bbt>uU2b70*SMn-U.0001bO*T**2-0.'i000 0 3»T**:M 
2 «3.141b926b3b/lao.(J 

C  PI lb TnE MEAN LO.M&ITUCL OF PEHIHELION (RADIANS) 
PI=(101.22083*J.OUOO<*7068<*«SMn«-0.000453*T**2*0.00000 3*T**3) 

2 *3.1'US926535/180.C 
C  E IS THc ECCENTRICITY OF THE ORBIT <DIMLNSIONLESS) 

E=u.U 167510<+-0.0 00 0<+180*T-0. 000000126*T**2 
C  AI IS T11E I-ILAN OBLIQUITY OF THE ECLIPTIC (RADIANS) 

A1 = (23.45229«*-U.0130125*T-0.0000016<+*T**2*0.000')00503*T»*3> 
2 *3.i'+lb926b3b/l80.0 

C  VS IS THE TRUE ANOMALY (APPROXIMATE FORMULA) (RADIANS) 
C  (EQUATION OF THE CENTER) 

^S=A"l-M2.0«E-0.25*E*-«3)*SINF(Akl)+1.2b*E**2*SINF(2.0*AM) + 
2 13.J/12.0*E**3*S1NF(3.0*AM) •... 

C  XLAM IS THE TRUE LONGITUDE OF THE EARTH AS SEEN FROM THE Sl'N (RADIANS) 
XLAM=PI«-VS 

C  ALAM IS THE TRUE LONGITUDE OF THE SUN AS SEEN FROM THE EARTH (RADIANS) 
ALAM=XLAM+3. l<Ub92653b 

C  BETA IS THE LATITUDE OF THE STAR (RADIANS) 
C  ALONG lb THE LONGITUDE OF THE STAR (RADIANS) 

CALL COOKD (0 . 0 » 0 . 0 »-3. l<*15926535/2. 0 » 3.1415926535/2. 0-A I. 
2 RA»uEC» ALONG*BETA) COORD 

C  AA IS THE SEMI-MAJOR AXIS OF THE EARTH'S ORBIT (KM) 
AA = l<+9598500.0 

C  AN IS THE MEAN ANGULAR RATE OF THE EARTH ABOUT THE SUN (RAH IA'iS/DAY) 
AN=2.0*3.1<*1592bb35/365.256<» 

C  HOP IS H/P FROM SMART = THE COMPONENT OF THE EARTH'S VELOCITY PERPENDICULAR 
C  fC THL KADIUS VECTOK (KM/DAY) 

HOP=ANOAA/SGRTF (1,0-i_**2 ) 
C  CONVERTED TO KM/SEC 

HCP=MOP/86<*00.0 
C  V IS THE PROJECTION ONTO THE LINE OF SIGHT TO THE STAR OF THr VELOCITY 
C  OF THE c-ARTH-MOON dARYCEMTER WITH RESPECT TO THE SUN (KM/SFC) 

V=-HuP*COSF(BETA>*<SIMF<ALAM-ALONG>-E*SINF(PI-ALO'lG)) 



c 
C  THE FOLLOWING CALCULATIONS DEAL »ITH THE MOON'S ORi IT AROll' 0 THE 
C  tARTH-MOON BARYCENTER 
C  OMGA (OIIEGA) IS THE LONGITUDE OF THE MEAN ASCENDING MODE OF THE LUNAR ORR-IT 
C  (DEGKEES) 

OMGA =259.163275-0. 0529539222*SMj+0.00207p*T**?+0. noon02*T**3 
C  OMGAK IS OMGA IN RADIANS 

0MGAR=0MGA*3.mi5926b35/180.0 
C  AMON IS OMGA PLUS THE MEAN LUNAR LONGITUDE OF THE MOON (DEGRFFS) 
C  (SHOULD BE 13.176396526b) 

AMON=270.434164+13.176396527 *SMD-0 .001133*T**2+0 . 00 00019*T**3 
C  GAMP (GAMMA-PRIME) IS OMGA PLUS THE LUNAR LONGITUDE OF LUNAR PERIGEE (DEGREES 

GAMP=334.329556-»-0.1114040803*SMD-0.010325*T**2-r>.OOOOl2*T**3 
C  PIM IS THE MEAN LUNAR LONGITUDE OF LUNAR PERIGEE (TO RADIANS) 

PIM=(GAMP-0MGA)*3.1415926535/180.0 
C  EM IS THE ECCENTRICITY OF THE LUNAR ORBIT 

EM=0.054900489 
C  OLAMM IS THE MEAN LUNAR LONGITUDE OF THE MOON (TO RADIANS) 

0LAMM=(AM0N-0MGA)*3.1415926535/180.0 
C  AIM IS THE INCLINATION OF THE LUNAR ORbIT TO THE ECLIPTIC (RADIANS) 

AIM=5.1453964*3.1415926535/180.0 
C  AMM IS THE APPROXIMATE MEAN ANOMALY (RADIANS) 
C  (IT IS APPROXIMATE bECAuSE PIM SHOULD BE THE TRUE RATHER THAN THE MEAN LUNAR 
C  LONGITUdE OF LUNAR PERIGEE) 

AMfi=OLAMM-PIM 
C  VSM IS THE TRUE ANOMALY (APPROXIMATE FORMULA) (RADIANS) 
C  (EQUATION OF THE CENTER) 

VS.-;=AMv+(2.0»EM-0.25*EM**3)*SINF(AMM)+1.25*EM**2*SINF(<i.0*AMM) 
2 +13.0/12.0*EM**3*SINF(3.0*AMM) +.., 

C  ALAMM 13 THE TRUE LUNAR LONGITUDE OF THE MOON (RADIAN?,) 
ALAMM=PIM+VSM 

C  ANM IS THE MEAN A.xlGULAR KATE OF THE LUNAR ROTATION (RADI A'.S/HAY) 
ANM=2.0*3.1415926535/27.321bol 

C  AAM IS THE SEMI-MAJOK AXIS OF THE LUNAR OBRIT (KILOMETERS) 
AA*=o0.2665*6378.388 

C  BETAM IS THE LUNAR LATITUDE OF THE STAR (RADIANS) 
C  ALG4 IS THE LUNAR LONGITUDE OF THE STAR (RADIANS) 

CALL COORD (OMGAK.0.0rOMGAR-3.1415926535/2.0»3.1415926535/2.0-AIM» 
2 ALONGfBETAr ALGMrBETAM) COORD 

C  HOPM IS H/P FROM SMART = THE COMPONENT OF THE LUNAR VELOCITY PERPENDICULAR 
C  TO THE RADIUS VECTOR (KM/DAY) 

HOPM=ANM*AAM/SQRTF(1.0-EM**2) 
C  CONVERTED TO KM/SEC 

HOPM=HOPM/8640Q.O 
C  VMON IS THE PROJECTION ONTO THE LINE OF SIGHT TO THE STAR OF THE VELOCITY 
C  OF THE EARTH'S CENTER WITH RESPECT TO THE EARTH-MOON BARYCENTEK (KM/SEC) 
C  (THE 81.30 IS THE RATIO OF THE EARTH'S MASS TO THE MOON'S VASS> 

VM0N=-HOPM/8l.30*C0SF( BETAM) * (SINF (ALAMM-ALGM)-*-JM*SINF (PlM-ALGM) ) 



V1 = V + VSUN + VM0N + V0I;.S 
RETURN 

C 
C  THI=> hVOGRAto OMITS THE PLANETARY PERTURBATIONS O'J THF EARTH'S Of"IT.  THr-^L 
C  AHOUM TO ABOUT G.0U.3 KM/SEC AND ARE THOUGHT TO riE THE LAf-'GFST CONTRlHUTIOli 
C  TO THE ERROR IN THE VELOCITY. 
C 



FUNCTION JULDAINYR) 
C THIS FUNCTION COMPUTES THE JULIAN DAY NUMBER AT 12 HRS UT ON JANUARY 0 
c OF THE YEAR NYR (GREGORIAN CALENDAR), JULDA IS AN INTEGER BFCAUSE OF THIS 
C  DEFINITION.  FOR EXAMPLE* JULDA = 2<+39856 FOR NYR = 1969. 
C 

HYRM1=NYR-1 
IC=NYRM1/100 
JULDA=1721t25*365*NYRMl+NYRMl/u-IC+IC/1 
RETURN 
END 



SUBROUTINE COORD ( A0» ,iO , AP»bP » " 1 »B1 »  A2,02) 
C 
C THIS SUoROUTINE CONVERTS THE LONGITUDE-LIKE (Al) A:.D LATI I U'JF-LIKF (PI) 
C COORDINATES OF A POINT ON A SPHEKF. INTO THE CORRESPONDING COORDINATES (A?, 
C B2) IN A DIFFERENT COORDINATE SYSTEM THAT IS SPECIFIED BY T'HF COORDINATES 
C OF ITS ORIGIN (AO, BO) AND ITS NORTH POLE (AP, BP) IN THE ORIGINAL COO( DINATF 
C SYSTEM.  THE RANGE OF A2 AILL BE cROM -PI TO PI. 
C 
C ALL ARGjMENrS ARE IN RAOIAiJS. 
C 
C tXAMPLLj OF USE 
C PI = S.lUl^dbbls 
C PI02 = PI/2.0 
I 
C EXAMPLE I — TO CALCULATE AZIMUTH AMU ELEVATION FROM HOUR ANGLF AND DECLINATION' 
C CALL COORD (PI,PIO2-LATITUDE»0.0,LATITUDE»H0UR ANGLE>DECLIMATION, 
L 2 AZI lUTH,ELEVATION) 
C fHZ >i IP AZIMUTH IS DESIRED IM THE RANGE 0 TO PI SET 
C AZIMOTM = AZIMUTH + (PI - SIGNF(PI»AZIMUTH)) 
C 
C cXAMPLc. II — TO CALCULATE HOUR ANGLE AND CECLINATIO'I FROM AZIMUTH AiiD 
C ELEVATIoN 
C CALL COORD (PI,PI02-LATITU0£,0.0^LATITUDE,AZIMUTH.ELEVATICi> 
C 2 HOUK ANGLE»ULCLINATION> 
L 
C EXAMPLE III—TO CALCULATE LI AND til FROM RIGHT ASCLNSION AND DECLINATUN 
C (EPOCH 1900.0) 
C AP = (12.0+^0.0/60.0)*PI/12.0 
C (I.E. 12 HOURS tO MINUTES CONVERTED TO RADIANS) 
C BP = 26.0*PI/ldO.O 
C AO = (la.0+<+0.0/o0.0)*PI/12.0 
c BO = o.o 
C (REFER TO KRAUSr P.» RADIO ASTRONOMY, MCGRAW HILL» NEW YORK, 1966.  3UT FOR 
C FURTHER REFINEMENTS, SEE ALSO ALLEN, C. W.» ASTROPnYSICAL C'MfvlTITIES* 
C ATHLONE PRESS, LONDON, 1963.) 
C CALL COORD (AO,BO,AP,UP,RIGHT ASCENSION,DECLINATION,LI,I I) 
C 



c 
C EXA-iPLt IV—To CALCULATE RIGHT ASCENSION AMD DECLINATION (FPOCH 1900.0) FROM 
C LI AND Hi 
C IN GENEKALf WHENEVER WE KNOW THE FORWARD TRANSFORMATION (EXAMPLE III A;iOVF) 
C WE MAY UO THE REVERSE TRANSFORMATION WITH AT MOST TWO EXTRA PRELIMINARY CALLS 
C TO COOKu TO CALCULATE THE COORDINATES IN SYSTEM 2 OF THE POLF AND ORIGIN IN 
C SYSTEM 1.  BUT OFTEN IT IS POSSIBLE TO GET THESE NEEDED COOPDINATFS BY 
C INSPECTION.  FOR EXAMPLE* HP WILL REMAIN THE SAME FOR THE FORWARD AND REVERSE 
C TRANSFORMATIONS.  FOH THIS EXAMPLE WE SEE BY INSPECTION THAT 
C     APP = 6.0*PI/12.0 
C     UPP = 28.0*PI/1B0.0 
C (THE SECOND P REPRESENTS PRIME.)  AND WE MAY CALCULATE AOP AnD BOP FROM 
C     CALL COORD (AO»BO»AP,BP»0.0t0.0tAOPrBOP) 
C WHERE THE AOr ETC. ARE FROM EXAMPLE III.  THEN THE ACTUAL CONVERSION IS 
C     CALL COOKD <AOP»BOP>APP»BPP»LI»BIrRlGHT ASCENSION»DECLINATION) 
C 
C LXAMPLE V—TO CALCULATE LII AND BII FROM RIGHT ASCENSION AND DECLINATION 
C (EPOCH X950.0) 
C     AP = (12.0+<+9.0/o0.U)*PI/12.0 
C     BP = 27.4«PI/180.0 
C     AO = (17.0+<*2.1/60.0)*PI/12.0 
C     dO = -(28.0*55.0/60.0)*PI/l80.0 
C     CALL COORD (AOrBO.AP,BP»RIGHT ASCENSIONtDECLINATIONtLIIrBII) 
C 
C EXAMPLE VI—TO CALCULATE RIGHT ASCENSION AND DECLIMATIO'I (EPOCH lObU.O) FTO"< 
C LII AND BII 
c FIRST CALCULATE APP AND BPP FROM 
C     CALL COORD (AO»BO»AP»BP»0.0»PI02»APPfBPP) 
C THEN CALCULATE AOP AND BOP FROM 
C     CALL COORD (AOttiOtAP»BP»0.0»0.0>AOP»BOP) 
C WHERE THE AO» ETC. ARE FROM EXAMPLE V.  THEN THE ACTUAL C0NVF3SI0N IS 
C     CALL COORO (AOP»BOP»APPfBPPrLII»BIIrRIGHT ASCENSIOMrDECLlMATIOri) 
C 
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c 
C LXAUHLc VII—TO CALCULATE (ECLIPTIC) LATITUDE AND LONGITUjr FwOM PIGHT 
C ASCtNjION AND DECLlNATIoN 
C C.PS la THE OBLIQUITY OF THE ECLIPTIC WHICH IS ABOUT ?3.'4«»i DFGREES. BUT IT 
C OEPE ;uS ON THE EPOCH.  SEE THE AMERICAN EPHE^EHIS AIO JAUTIfAL ALMANAC. 
C ^PS=*:.5.'*'*3*PI/lbO.C 
C CALL COOKD ( 0 . 0 . 0 . 0>-PI02.PIG2-EPS>RI&HT ASCFNSI O'l, UECLI ilTION. 
C 2 LATITUDE.LONGITUDE) 
C 
C 
C THE NOTATION USES S OH C FOR SINt OR COSINE OF THE CORRESPONDING VAkIAi.Lt-> 
C FOR EXAMPLE. SbO = SINF(HO)» ETC. 
C 
C NOTE THAT THE INPUT PARAMETERS ARE PARTIALLY REDUNDANT.  FOR EXAMPLE* IF 
C AP» BP' AND AO ARE SPECIFIED' THEN THERE ARE ONLY TWO OISCS'ETF" VALUES 
C POSSIBLE FOR BO (EXCEPT FOR A FEW DEGENERATE SPECIAL CASES).  SEE oELOl FOR 
C rvHAT TO DO IF IT IS NECESSARY TO PRECALCULATE AO AND BO. 
C 
C IFr INSTEAD OF AO AND bO» THE LONGITUDE OF THE ASCENDING NODF IS KNCvN IN 
C BOTH THE OLD (AND AND NEW (AN2! COORDINATE SYSTEMS* THEN 00 AND HO "Al MF 
C CALCULATED BY A PRELIMINARY CALL TO COORD 
C CALL COORD <0 . 0»0.0»ANl-APfBP»-AN2»0.0>AO»BO) 
C THEN THIS AO AND BO MAY BE USED FOR A SERIES OF ORDINARY CALLS TO COORD AS 
C DESCRIbED AbOVE. 
C 
C IF AP. bPr AND AO ARE KNOWN* THEN THE TWO POSSIBLE VALUES OF BO «AY (?E 
C CALCULATED FROM 
C SBC=(SBP $ 2.0*CBP**2*CAPAO»SGRTF(1.0+CAPAO**2))/ 
C 2 (SbP**2+(CBP*CAPA0)**2) 
C WHERE CAPAO = CCSF(AP-AO) AND THE OTHER NOTATION IS EXPLM'F  AEOVE. Ai X) 
C WHERE THE 4 IS TO BE HEPLACED BY • AND -. 
C 
C IF AP. bPr AND BO ARE KNOWN. THE'i THE TWO POSSIBLE VALUES 0^ flO *AY Rr 
C CALCULATED FROM 
C CAPAO=(1.0-SbO*SbP)/(CBO*C3P) 
C BOTH ANGLES WITH THIS COSINE ART POSSIBLE. 
C 
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SBO=iINF(BO) 
Ct30=COSF(BO) 
SBP=SINF(BP) 
CHP=COSF(bP) 
SB1=SINF(B1) 
Col=COSF(Bl) 

C 
Sd2=SbP*SBl+CbP*Cbl*C0SF(AP-A1) 
t3^=AbI,MF(SB2) 

C  (NOTE BO IS NOT KEEULU TO CALCULATE R2) 
CB2=C0SF(B2> 

C 
SAA=SXNFIAP-A1)*Cbl/CB2 
CAA=(SHl-S82*SiiP)/(CB2*CbP) 

C 
Cdi3=SBO/CBP 
SBB=aINF(AP-AO)*CoO 

TA202=(1.0-CAA*CBB-SAA*SBB)/(SAA*CBB-CAA*SBB) 
A2=2.0«ATANF(TA202> 

rtETUKN 
END 

C 

C 
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SUBROUTINE MOVE (NYRI »KiYRFrMO> .DAMA»[:»  UELP » DELD > DC ) 
C 
C  MOVE CALCULATES TiiL. CORRECTION (DELR) IN RIGHT ASCENSION ( ,A) AND THE 
C  CORRtCTiON lUELU) IN DECLINATION (D) (ALL IN RADIANS) TO HE AOJFO TO THE 
C  MEAN COORDINATES FOR EPOCH NYRI (f .3. 19bD) TO GIVK   THE APPARENT POSITIONS 
C  OP A DATE SPECIFIED HY THt YEAR (NYRF» E.G. 1968) • MONTH CO. 1 TO 12). AriD 
C  DAY (NOA).  IF THE DAY-NUMBER IS KNOWN* USE IT FOR NOA ANfj SPT MO -   1. 
C  MOVE AL'JO CALCULATES THE EQUATION OF THE EQUINOXES (DC. IN "INUTES OF TIT) 
C  WHICH MAY BE ADDED TO THE MEAN SIPEREAL TIME TO GIVE THE APPARENT SIOEi EAL 
C  TIME (ALNA-469) .  DELR AND DELD CONTAIN CORRECTIONS FOR PRECESSION. ANNUAL 
C  ABERRATION. AND SOME TERMS OF NUTATION.  IF RA AND U ARE EC* THE MEAN EPOCH 
C  (I.E. t-Ul_FwAY BtTWEEN NYRI AND NYuF) THEM THE PRECISION OF 'JFLR AND DELD IS 
C  ABOUT c.   ARCSECONDS (SEE NEGLECTED TERMS IN ESE-t+U).  IF RA AND D ARE EITHER 
C  OF THL -ND POINTS OF THE INTERVAL. THEN THE PRECISION MAY RZ SOMEWHAT WORSE. 
C  AENA S THE AMERICAN EPHEMERIS AND NAUTICAL ALMANAC (THE BLUE BOOK). 
C  ESE = THE EXPLANATORf SUPPLEMENT TO ABOVE (THE GREEN ROOK). 
C 

SND='oINF(U) 
CSD=COSF(D) 
rND=SNU/CSO 

c 
CSR=COSF(RA) 
SNR=SINF(RA) 

C 
C  AL IS AN APPROXIMATE DAY NUMBER (I.E. ThE NUM3ER OF DAYS SINCE UANJARY 0 
C  OF THE YEAR NYRF). 

AL=3J*(M0-1)+NDH 
C 
C  TO IS THE TIME FROM I90u TO NYRI (CENTURIES) 

TO=FLOATF(NYRI-1900)/100.0 
C  T IS THE TIME FROM NYRI TO DATE (HYRF. toO» NDA) (CENTURIES) 
C  (36S.2421988 IS THE NUMBER OF EPHEMERIS DAYS IN A TROPICAL YFArt) 

T=(FLOATF(NYRF-NYRI)+AL/365.24219881/100.0 
C  2ETA0 IS A PRECESSIONAL ANGLE FRO-' ESE~29 (ARCSECONDS) 

ZETAy=(230<+.2b0 + 1.396*T0)*T+0o02*T**2 + 0.01fi*T**3 
C  DITTO FoR L 

Z=ZETAO+0.791*T**2 
C  AND THETA 

THETA=(200<+. 682-0.853*TO)*T-0. 426* T**2-0.0<+2*T**3 
C  AM AND AN ARE THE M AND N PRECESSIONAL NUMBERS (SEE AEMA-bu. 474) (RAOIANS) 

AM=UETAG + Z)*4.tt48l36811E-6 
AN=T.iETA*4.848136811E-6 
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c 
C  ALAM IS AN APPROXIMATE MEAN LONGITUDE FOR THE SIM (AFNA-50) (RADIANS) 

ALAM=(0.985647*AL+278.5)*0.0174532925 
SNL=SINF(ALAM> 
CSL=COSF(ALAM) 

C  DELR IS THE ANNUAL ABERRATION TERM IN RA (RADIANS) (ESE-47.4P) 
C  (0.91745051 = COS(08LIQUITY OF ECLIPTIC)) 
C  (-9.92413605E-5 = K = 20.47 ARCSECONDS = CONSTANT OF ABERRATION (ESt-4P)) 

DELR=-9.92413b05E-5*(SNL*SNR+0.91745051*CSL*CSR)/CSD 
C  PLUS PRECESSION TERMS (SEE AENA-bO AND ESE-38) 

2 +AM+AN*SNR*TND 
C  DELD IS DITTO ABOVE IN DECLINATION 

DELU=-9.92413605E-5*(SNL*CSR*SND-0.91745051*CSL*SNR*SND 
C  (0.39784993 = SIN(OBLIQUITY OF ECLIPTIC)) 

2 +0.397b4993*CSL*CSD) +AN*CSR 
C 
C  THE FOLLOWING CALCULATES THE NUTATION (APPROXIMATELY) (ESE-41,45) 
C  OMEGA IS THE ANGLE OF THE FIRST TERM OF NUTATION (ESE-44) (APPROXIMATE 
C  FORMULA) (DEGREES) 

0MEGA=259.183275-1934.142*(TO+T) 
C  ARG IS OMEGA CONVERTED TO RADIANS 

ARG=OMEGA*0.0174532925 
C  DLONG IS THE NUTATION IN LONGITUDE (DELTA-PSI) (RADIANS) 

DL0NG=-8.3597E-5*SINF(ARG) 
C  DOBLQ IS THE NUTATION IN OBLIQUITY (DELTA-EPSILON > (RADIAL) 

OOriLQ= 4.4678E-5*C0SF(ARG) 
C 
C  ADD NUTATION IN RA INTO DELR (ESE-43) 

DELR=DELR+DLONG*<0.91745051 +0.39784993 *SNR*TND)-CSR*TND*DOBLO 
C  AND DEC. 

DELD=DELD+0.39784993 *CSR*DLONG+SNR*DORLQ 
C  DC IS THE EQUATION OF THE EQUINOXES (MINUTES OF TI^E) (ESE-4J) 

DC = Di_ONG*210.264169 
RETURN 
END 
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SUBROUTINE GRM1 <ELII»VR.  RS»^C»PSI> 
DIMENSION RS(2) »PSI(2> 

C  oJdROUTiNE GRMl (GALACTIC ROTATION MODEL - 1) ACCEPTS THE GALACTIC LONGITUDE 
C  (ELII IM Ott>REES) AND THE DOPPLER VELOCITY WITH KESPECT Ti, THE LOCAL STAMHAPl 
C  OF REST (VR IN KM/SEC) ANL RETURNS THE DISTANCE FROM THZ SuN <RS)» THE 
C  JISTANCI FROM THE GALACTIC CENTER (RC) (BOTH IN KPC). AMD THE GALACTOCFNDIC 
C  LONGITUDE (PSI IN DEGREES).  THE RANGE OF PSI WILL 8E -IPO TO +180 DEGREES. 
C  KOR MANf VALUES OF ELII AND VRt   THERE WILL BE A DISTANCE AMBIGUITY AND THE 
C  TWO POSSIBLE DISTANCES WILL BE RETURNED IN RS(1) AND RS(2) ANC THr ASSOCIATE1" 
C  ANGLES IN PSK1) AND PSK2).  IF RS(1) IS NEGATIVE OR ZERO» THEN THERE IS 
C  ONLY ONc bOLUTION AND IT IS IN RS(2) AND PSK2).  IF ROTH PS(1) AND RS(2) 
C  ARE NLOHTIVE OR ZZKOt   THEN THERE ARE NO SOLUTIONS TO THE EO'JATlONS. I.E. THF 
C  GIVEN VR IS IMPOSSIBLE FOR THIS ELII. 
C  SEE SU3.\0JTINE GR.-I3 FOR FURTHER DETAILS. 
C 

PI=3.141592653b 
TPI=2.0*PI 

C  ELIIR IS ELII CONCERTED TO RADIANS 
ELIIK=ELII*PI/180.0 

C  SLII IS SIN(ELII) 
SLII=SINF(ELIIR) 

C  RO IS T.iE SUN'S DISTANCE FROM THE GALACTIC CENTER (KPC) 
RO=lU.O 

C  OMGAO IS THE ANGULAR ROTATION VELOCITY AT THE SUN (KM/SEC/K°C) 
OMGAu=25.0 

C  OMGA IS THE ANGULAR ROTATION VELOCITY AT THE SOURCE (KM/SEC/KPC) 
OMGA=VR/(RO*SLII)+OMSAO 

C  GRM3 CALCULATES RC (KPC) 
CALL GRM3 (OMGA»  RC) G(-M"5 

C  H IS THE LENGTH OF THE PERPENDICULAR DROPPED FROM THE GALACTIC CENTER TO THE 
C  LINc UF SIGHT (KPC) 

H=RO*SLII 
C  GO TO 5U IF THERE IS NO SOLUTION 

IF UBSF(H)-RC) 2U»20»50 
C  JELT IS THE ANGLE BETWEEN THE SUN AND THE GALACTIC CENTER AS SEED FROM T^r 

C  SOURCE (RADIANS) 
20 DELT=ASINF(H/RC) 

C  PSI1 AND PSI2 ARE THE TWO SOLUTIONS FOR PSI (RADIA'JS) 
PSI1=ELIIR-U£LT 
PSI2=ELIIR*DELT+PI 

C  CONVENT THESE TO DEGREES* SET THE RANGE TO -180 TO 1S0» AND PUT IN PSI 
PSI(l)=PSIl*180.0/PI-360.0*IFIX(PSIl/TPI+SIGNFn.5*PSIl)> 
PSK<i)=PSI2*ia0.0/PI-36Q.0*IFIX(PSI2/TPI+SIGNF(0.5»PSl2) ) 

C  THEN SET RS(1) AND RS(2) (KPC) 
RS(1)=-RC*SINF(PSI1)/SLII 
RS(2)=-RC*SINF(PSI2)/SLII 
RETURN 

TO THE EQUATIONS (ABSF<H/RC) .ST. 1) 
C 
C <J0 TO 30 FOR NO SOLUTIONS 

50 RS(1)=0.0 
RS<2)=0.0 
PSK1)=0.0 
PSI(2)=0.0 
RETURN 
END 
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bUbRjUTINE GRN'2 (ELI1»RS»  V«»«C»PSI) 
C  SUBROUTINE GRM2 (GALACTIC ROTATION MODEL - 2) ACCCPTS THF <  ALACTIC LONr-ITMDF 
C  (ELI I 1.4 DEGREES) AND THE DISTANCE FROM THE SUN (RS IN KPC) ftND RFTURNS THE 
C  UOPPLEk VELOCITY WITH RESPECT TO THE LOCAL STANDARD OF REST <VR IN KM/SEC)» 
C  THE DISTANCE FRON THE GALACTIC CENTER («C IN KPC)» AND THE GALACTOCENTl-IC 
C  LONuUUJE (PSI IN DEGREES). 
C  SEE SUBROUTINE GRMH FOR FURTHER DETAILS. 
C 

PI=.i.1115926535 
C  ELIIR IS ELII CONVERTED TO RADIANS 

ELllK=ELII*PI/160.0 
C  KO IS THE SUN'S DISTANCE FROi^ THE GALACTIC CENTER (KPC) 

RO=ld.O 
C  THEN RC IS JUST 

RC=SJ)RTF(RS**2+R0«'*2-2.U*RS*R0«C0SF(ELIIR> ) 
C  JMG* (FROM GRM1) IS THE ANGULAR ROTATION VELOCITY AT THE S>' 'Ji*Ct (KM/SEC/K^C' 

CALL GRW+ (RO  OMGA) G(>M«» 
C  uMSAO la THE ANbULAR ROTATION VELOCITY AT THE SUM (KM/SEC/KPCJ 

DMGAJ=25.0 

C  AND THEN VR IS JUST 
VR=(OMbA-OMGAO)«RO*SINF(ELIIR) 

C  A IS TH£ ANGLE BETWEEN THE SUN AND THE SOURCE AS SEEN FROK THF. GALACTIC 
C  CENTER (RAUIANS) 
C  SNA IS ilN(A) (DIMENSIONLESS) 

SNA=RS*S1NF(ELIIR)/RC 
C  CSA IS COS(A) (DlMENSlONLtSS) 

CSA=(R0**2+RC**2-RS**2)/(2.U*K0*RC) 
C  THZN A IS JUST 

A=2.0*ATANF(SNA/(1.0+CSA)) 
C  AND PSI (CONVERTED To DEGREES) IS JUST 

PSI=-A*loO.O/FI 
RETURN 
END 
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SUBROUTINE GUM.} (oMGA»  RC) 
C  ->U^ROuriUc GRM3 (GALACTIC ROTATION MOJEL - 3) ACCENTS THE ASHLAR KGTATIO"! 
C  VELOCIW (OMGA IN KM/StC/KPC) AND RETURNS. THE DISTANCE FROM THE GALACTIC 
C  CENTER IRC IN KPC)» EiASED ON THE MODEL OF THE GALAXY SUGGESTS BY SCHMIDT 
C  U9ob>.  SEE SUBROUTINE GRM"+ FOR FURTHER DETAILS. 
C 
C  IF OMtoA .Lfc. 0 THEN RC = 0 

IF (JMGA) lu.lO»2U 
iO RC=0.0 

RETURN 
C 
C  UNFORTU.MTLLY THLKE IS NO WAY TO INVERT SCHMIDT'S EQUATIONS TO ORT.XIN i'L 
C  UIRECTLY FROM OMGA.  THL FOLLOWS. ITERATION PROCEDURE SEE'-IS TO WORK AS WELL 
C  AS A;jY.  IT IS uASED ON THE APPROXIMATION THAT THF CIRCULAR VELOCITY 
L  l=OMGA*r<C) IS A SLOWLY VARYING FUNCTION OF RC.  THL NUMREK ?n0 IS A FI-ST 
C  GUESS AT THIS VELOCITY. 

20 RC=2.>0.0/0MGA 
Du 30 I=l»5 I 
CALL GRMf (RCr  OMGAT) GRMU 

C  (NOTE THAT B GOES TO 1 FOR RC KUCH LESS THAN 10• AND TO 2/3 FOR LARGE RC) 
B=(2.0*10.0/(lu.0+RC))/3.0 
RC=RC+RC*B*tOMGAT-OMfcA)/OMGA 

30 CONTINUE I 
RETUrcN 
END 
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SUBROUTINE GRM'* (RC»  OMGA) 
C  SUBROUTINE GRM<+ (DALACTIC ROTATION MODEL - H) ACCEPTS THE f'TsTANCE FROM THE 
C  GALACTIC CENTER (rtC IN KPC) AND RETURNS THE ANGULAR ROTATlu'. VELOCITY (O^GA 
C  IN KM/SEC/KPC),  BASED ON THE MODEL OF THE GALAXY SUGGESTED HY MAARTEN 
C  SCHMIDT r CHAP. *2 IN GALACTIC STRUCTURE. ED. BY A. BLAAUW MP A,   SCHMIDT* 
C  UNIV. OK CHICAGO PKtSS» 1965. 
C 
C  IF RC .LE. 0 THEN OMGA = 0 

IF (,<C> 10.10»2u 
10 OMGA-U.U 

KETU.UJ 
C 

20 IF (r(C-10.0) <*0>30»50 
30 OMGA=25.0 

RETURN 
C 
C  THE FOLLOWING CALCULATIONS ARE FOR RC .LT. 10 KPC 
C  >/C IS THE CIRCULAR VELOCITY (KM/SEC) 

<+0 VC=S jRTF (30000. O/RC+10120.2*RC-41.722*RC**3> 
C  THEN OMGA IS JUST 

OMGA=VC/RC 
RETUnN 

C 
C  THE FOLLOWING CALCULATIONS ARE FOR RC .GT. 10 KPC 

50 VC=SjRTF( 851611.6/RC-21<+858b.l/RC**2) 
OMGA=VC/RC 
KE.TUKN 
END 
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